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英文摘要:(Keywords: Orthogonal expansion technique;
Concentric circular tubes; External Refluxes; 
Conjugated Graetz problem; Mass transfer;)
A new device of double-pass mass exchanger is a circular tube with refluxes divided by inserting 
a permeable barrier into two subchannels with uniform wall concentration, resulting in considerable 
improvement of the device performance in mass transfer compared with that in an open conduit.  
Efficiency improvement in mass transfer has been studied analytically by using an eigenfunction 
expansion in power series.  Analytical results show that suitable adjustment of the permeable-barrier 
position can effectively enhance the mass transfer efficiency, leading to improved performance.  The 
effects of permeable-barrier position on mass transfer efficiency have been also delineated.
The analytical solutions to such a conjugated Graetz problem are obtained with 
the use of separation variables, and the resulting eigenvalue problem is solved 
5associated with the orthogonality conditions.  The present study also discusses the 
improvement in mass transfer efficiency of such double-pass mass exchangers and the 














考慮一長度為 L，外管內徑為 R2 之雙套管質量交換器系統，並於管道間裝
置一可忽略厚度 )2( R<<d 之可滲透薄膜，此薄膜將系統分隔為二通道，其中內管
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h aa vv (5)





















































































( ) 0,1 =xy b (9)









¶ ,, ba (10)
























mmamaa GFS xhxhy         (13)







mmbmbb GFS xhxhy         (14)
代入式(1)和(2)與邊界條件式(8)至式(11)，可得：
)1()( xlx --= mm eG                        (15)











F   (16)











F    (17)
( ) 00' , =maF                      (18)
( ) 01, =mbF                      (19)
( ) ( )kk ' ,,' ,, mbmbmama FSFS =             (20)
( ) ( ) ( )][ ,,,,,, kkwk mbmbmamamama FSFSFS -=¢  (21)
利用級數解求解式(16)與式(17)兩常微分方程式，令 )(, amaF h 及 )(, bmbF h 分別






















































=          (24)
因此，將式(22)及式(23)分別代入式(16)及式(17)，可將所有 mnd 與 mne 以特
徵值來表示，再由式(24)可求出特徵值。又由式(16)至式(21)可得正交性質之積分
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當求得所有的特徵值，可以先假設一出口濃度 Fy 值，由式(20)、式(21)、式(25)
與式(27)或式(28)求得未知的變數 maS , 與 mbS , 。再以質量平衡方程式(26)來驗證 Fy
值，若兩個值的誤差小於 1×10-5，則 Fy 即為所求。

















































9而當 5.0<k 且 100³mGz 時，則此二種迴流模型都比單行程質傳系統有更好的質傳
效果。
五、符號說明
iC 進口濃度, 3/ cmmole
wC   外璧濃度, 3/ cmmole
C 流體濃度, 3/ cmmole
D  兩成份混合之擴散係數， scm /2
mGz 質傳格拉茲數, LDV p4
mI 質傳效率改善率
mk 平均質傳係數, scm /2
M 迴流比值
Sh 平均 Sherwood 數
mS 展開係數隨特徵值 ml 而變
V 進口體積流率, scm /3
希臘符號：
h 無因次徑向座標
q 無因次濃度, )/()( 00 CCCC w --
e    薄膜之孔隙度
d    薄膜之厚度
k 薄膜位置比值
x 無因次軸向座標
y    無因次濃度, )/()( 0 ww CCCC --
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ê  = 0.7
ê  = 0.3
Single-pass devices
M  =  1
M  =  5
(M +1 )V
(M + 1 )V













0=M 1=M 3=M 5=M
k k k kmI ( )%
0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
1=mGz
-40.0 -39.9 -42.3 -33.4 -33.2 -37.4 -20.0 -20.3 -29.6 -14.3 -15.3 -26.9 
10 -22.8 -36.3 -68.3 -15.3 -32.8 -67.6 -2.7 -27.2 -66.5 1.6 -25.3 -66.2 
100 129.5 -6.9 -74.6 136.3 -5.9 -74.6 146.9 -4.3 -74.4 150.6 -3.8 -74.4 
1000 247.5 3.0 -75.2 249.0 3.1 -75.2 251.3 3.3 -75.2 252.0 3.4 -75.2 
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ê  =  0 .5
ê = 0.7
ê  =  0 .3
S ing le-pass dev ices
M  =  1










ù  =  5




百分比0=M 1=M 3=M 5=M
k k k kmI ( )%
0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
1=mGz 0.0  0 .0  -6 .2  0 .0  0 .0  -8 .9  0 .0  -0 .6  -14.5  0 .0  -1 .4  -16.8  
10 27.8 -5 .6  -62.2  25.7  -9 .5  -63.0  19.7  -15.4  -64.2  16.9  -17.4  -64.6  
100 190.0 1 .7  -74.0  181.7 0 .6  -74.1  169.6 -1 .1  -74.2  165.7 -1 .6  -74.3  
1000 259.6 4 .0  -75.1  258.1 3 .9  -75.1  256.4 3.7 -75.2  255.0 3 .6  -75.2  
